After harvesting, the culture broth (14 l) was centrifuged at 3500 rpm for 20 min. The resulting mycelial cake was extracted three times with acetone. After removal of acetone, the aqueous solution was extracted three times with EtOAc. The EtOAc-soluble portion was concentrated under reduced pressure. The culture broth was extracted three times with EtOAc. The crude extract was applied to silica gel flash column chromatography under gradient of CHCl 3 /MeOH and separated into 6 fractions. Further purification of these fractions on octadecylsilane (ODS) column chromatography, preparative thin layer chromatography (PTLC) and Sephadex LH-20 yielded three known and one new natural products. Compounds 2-4 were all obtained as yellow solids. Searching in SciFinder with the information from NMR and mass data led to the identification of these compounds as 1-hydroxyphenazine (2), 8) phenazine-1-carboxylic acid (3) 9) and 6-hydroxy-phenazine-1-carboxylic acid (4). 10) All of the known compounds were identified by comparison of the NMR data with the literature values.
Izumiphenazine D (1) was isolated as yellow solid. On the TLC plate after developing compound 1, it gave a positive color reaction after spraying with Dragendorff's reagent and dark fluorescence under UV light at 254 nm. The molecular weight of 1 was determined to be 463 Daltons from the negative ion mode of electrospray ionization (ESI) Analysis of the 2D-NMR spectra ( Fig. 1 . Several phenazines Ndioxide such iodinine and lomondomycin were isolated from different actinomycetes. 12) On the other hand, quinoline N-oxide alkaloids like KF-8940 13) and aurachin A 14) are particularly abundant in nature and have been isolated from several microbial sources. To the best of our knowledge, izumiphenazine D (1) is the first example of microbial phenazine natural products containing quinoline-N-oxide moiety.
The bioactivity of compound 1 was evaluated for effects on TNF-related apoptosis inducing ligand (TRAIL)-resistance in gastric adenocarcinoma (AGS) cells by comparing cell viability in the presence and absence of TRAIL (100 ng/ml) using the fluorometric microculture cytotoxicity assay (FMCA) method. 15) As shown in Fig. 3 , treatment with 100 ng/ml of TRAIL for 24 h resulted in only a slight decrease in cell viability (91Ϯ4.5%), while luteolin 16) (a positive control) produced about 40% more inhibition along with TRAIL than the agent alone at 17.5 mM. With 40 mM of 1, cell viability was 99%, whereas the same concentration of 1 in the presence of 100 ng/ml TRAIL reduced cell viability to 80% of control levels, which was 19% lower than the agent alone. These results suggest that izumiphenazine D (1) had a synergistic effect in combination with TRAIL against AGS cells. We also examined the Wnt signal inhibitory activity of the izumiphenazine D (1) using a luciferase reporter gene assay in SuperTOP-Flash transfected cells. 17) The results showed that compound 1 did not exhibit inhibition of Wnt signal transcription activity even at 50 mM.
Experimental
General Experimental Procedures The NMR data were measured on a JEOL JNM ecp600 spectrometer. Mass spectra were recorded on AccuTOF-T100LP (JEOL) mass spectrometer. IR spectra were recorded on attenuated total reflection (ATR) in a Jasco FT-IR 230 spectrophotometer, and UV spectra were obtained on a Shimadzu UV mini-1240 spectrometer.
Microbial Strain Streptomyces sp. IFM 11204 was separated from a soil sample collected from Izumi forest in Chiba city, Japan. The identification was carried out by Professor Tohru Gonoi at the Medical Mycology Research Center, Chiba University, where a voucher specimen is deposited with code IFM 11204.
Extraction and Isolation The culture broth (14 l total), obtained as described previously, 5) was harvested and centrifuged to separate the mycelia and supernatant. The pH of the culture broth was adjusted to 5.0 by acetic acid and then extracted four times with EtOAc. The mycelia were extracted three times with acetone. After removal of acetone, the aqueous solution was extracted four times with EtOAc. As the TLC of both extracts from the culture filtrate and mycelia showed the same composition, they were combined and concentrated under reduced pressure. The crude extract of Streptomyces sp. IFM 11204 (5.21 g) was subjected to silica gel 60N column chromatography (CC) under gradient of CHCl 3 /MeOH to afford six fractions. Fraction II was subjected several times to Sephadex LH-20 (CHCl 3 /MeOH, 3 : 2) to obtain compound 2 (5.8 mg). Fraction III was subjected to ODS CC followed by Sephadex LH-20 (MeOH) to get compounds 3 (3.6 mg) and 4 (6.8 mg). Compound 1 (3.1 mg) was isolated from fraction IV by precipitation from acetone solution and finally purified by PTLC (5 plates, 20ϫ20 cm, CHCl 3 /20%MeOH).
Izumiphenazine D (1) Cell Cultures AGS cells were derived from the Institute of Development, Aging and Cancer, Tohoku University. The cells were cultured in RPMI-1640 medium (Wako, Osaka, Japan) with 10% fetal bovine serum (FBS) and maintained in a humidified incubator at 37°C in 5% CO 2 /95% air.
TRAIL-Resistance Test TRAIL-resistance was assessed by comparison of cell viability in the presence and absence of TRAIL with TRAIL-resistant human AGS cell lines. 4, 18) AGS cells were seeded in a 96-well culture plate (6ϫ10 3 cells per well) in 200 ml of RPMI medium containing 10% FBS. Cells were incubated at 37°C in a 5% CO 2 incubator for 24 h. Then the test samples with or without TRAIL (100 ng/ml) at different doses were added to each well. After 24 h of incubation, the cells were washed with phosphate buffered saline (PBS), and 200 ml of PBS containing fluorescein diacetate (10 mg/ml) was added to each well. The plates were then incubated at 37°C for 1 h, and fluorescence was measured in a 96-well scanning spectrofluorometer at 538 nm with excitation at 485 nm.
